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mm^] mmm 

-etl^ti:^)^ n^G a ^_^_y) A 1 yN (O^x, O^y, x + y<l) -fy^^m 
^$nfe^!g§:(D^FMi:, HgG a (j_3_^)A 1 (O^s, 0^ 

t, s + t<i) i)^ibm^^nr^mmo:>mmmt^mL. mmnmm(D±izmm 

1 X 1 O^^a t o m s / c m^J2^ J: 1 X 1 O^^a t o m s / c m^T'^^'S, ^ 
4Xl0^^atoms/c m^&,± IXlO^^atoms/c m^l^A 

Pd, Sc, Y, La> Ce, Pr, N d . S m, Eu, Tb, Ti, Zr, H 

CW^3^4] mt^nmMiZiSi-f^yi^mmmit. iXlO^'^atoms/c 
m%TT'^^, If 1 ~ 3 (Z) VN-rti7b^{CfB«©^##:|g3t^^o 

im^me] fuIHA 1 $:-^t^»®»Ji:«5 nniJ2^_hT'&€>, ft^]^ 5 {CfB 
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mmnmm(D±lZ^ n^Oa^.^.y^AlyN (O^x, O^y, 

x + y<l) ti^^m^^nt:imm(^^:^Mt. ^^X^tl*^I ngGa^_g_^yAl 

(o^s. o^t, s + t<i) f)^^mm^tit=.mm,o\^mmt^m't^^ 

mm^^xmitm^mi^^^^-t^mm7s^y:f^n^r^mz. yi^m:^^^^^ 
^y.y=-yzf^-^^iz^^t^. m^m7 izmm(D^mi^^ytm^(Dm'M:Bm. 

[0 0 0 1] 

mytm^(Dm'^:&mizm-t^. 

[0 0 0 2] 

ic. 1 1 1 - vmm^tm^it^m^mmtn^'r^^^ :^<DuniiLx^miz'^u 

[0 0 0 3] 



ffiIiE#2 001-3015635 



#2001—028914 



[0 0 0 4] 

^*'^:^^<, ftg^SbfcGaNMlil 0^-1 0^Vcm2g|g(D^|Ji*S#^bTVN 
[0 0 0 5] 

[0 0 0 6] 

[0 0 0 7] 

^^M'a•b^■rv^;^^^-e^^o M^l^> Appl. Phys. Lett. , Vo 
172 (1998), ppl748{Clj:, MOC VD^IC J: V tl^^^fb^© 

^it-^m^mi^o^^i^m^o^m^yKmo^mmit. ugmm-fy^z-^a x i o^^a t 

o m s / c m^®#-^}C 2~ 3 X 1 O^^a t o m s / c m^7?& y , Mg(DmM<D 
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[0 0 0 8] 
[0 0 0 9] 

7i^mx'pmmfi^mm.mit-t^^t^m±t^^mtLr. #fpS2 54079 
1 #^c|g^$tl-s^^7b^^^tlTv^^„ #fFii2 5 4 0 7 9 1 mzM^^n^^ 

mvit. pM^?^%& K-fc:°>^bfe I I I -V]^M^b^m4^#^$:^;S^, ^ 
*$:'^^:^V\#H^cfiT'4 0 Orj;^±(©MST'T--U > ^^^^^f^t^^x-So Z(D 

r--u>^tcj:y, pM^M#;& K-fcf>^Ljt I i i - V]^M^[:^^4^^#: 

[0010] 

mwfmz 5 4 0 7 9 1 ^^Amicmm-^n^^otjt. yi^m^^t.t£^^mm%tpx^ 

?S'[4M&^Mb$-&<5;ti?)T'fe-i)o i^ffm2 5 4 0 7 9 1 -^^fg^gli, pMMS:^ 
;R <5 ^ { C ^ S # H ^ {C V N T -g- ^ L T V ^ ^ V N „ 
[0011] 

[0 0 12] 

[0 0 13] 
5: f -S r S 6^ t -t -S o 
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[0 0 14] 

O^y, x + y<l) *^^?^^$tlfe«10t®#:RMi:, -etl^tl*n HgG a Q_ 

g_^)A 1 (0^ s, o^t, s + t<i) is^ibm^-^tit^mm(Dm.Mmt^ 

1 X 1 O^^a t o m s / c m^J^J: 1 X 1 O^^a t o m s / c m%T"^fe U . Z 

niz^^)±mBmi>m^^n^. 

[0 0 15] 

mm^mmitMgftm^^^. mmvmmiz'^±n^Mgfcm(Dmmit. 4x 

lO^^atoms/c m^J^_t iXlO^^atoms/c m^J^^T"??^ o T =fe; J: 

o 

[0 0 16] 

&^m\i-t^t^sb(Dpmmm^^^izm^. mmpmnmit. Pd, sc, y. 

La, Ce, Pr, N d , S m, Eu, Tb, Ti, Zr, Hf, V, NbfeJ: 
[0 0 17] 

mmnmmiZisn ^yf<.mmmit. l x l O^'^a t oms/cm^^TT-^oT 
[0018] 

^^tim^ifn^xmm^mm^^:^mMm'\tmo)±izmm^nx^^x^ ^ v^„ 

[0019] 
[0 0 2 0] 
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y)AiyN (o^x, o^y, x + y<i) ti^hm^m-^nt^mmo^^^M tl, ^ 

tl^tl^'^I rigG a (i_3_^)A 1 (0^ s, O^t, s + t < 1 ) ;^)^ 

[0 0 2 1] 

iZ^^LX%J:\/\ 
[0 0 2 2] 

[0 0 2 3] 

(mmmi) 

^?^m(Dmmmi thx. #g5^^-r;f-K (led) ©m^t^-Tc 

[0 0 2 4] 
[0 0 2 5] 

"^yr^r (000 1®) m^l OJilC^JEMOC VD^JC<}: »J A 1 NAyy 
tMI 1 ^mUUm^ 5 O-CX^ML. llOO-CT'GaNrSKDn 
m^y^^ hmi 2^5 fimm^-^-^t^o ^fe, ro aN : S l J li, S l ^ f 
-^Lt^GaNi ^MW^^o Z(Dm-^m^X(DWy 1 1 Iitlt2 0 0 OX$>-D 

r^o ^(DmMmmtx(D^-^ u ritiy^tmm^m<DA^vy'ir:^ysmtt^iz7!<. 
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[0 0 2 6] 

(D^i^rX% I Hq 35G aQ ggN : S i (D^fFM (mJ¥2nm) ^.fcO^GaN: 

, |s|M>gT'A 1q .^G aQ gN : Mg(D^^R;&lh® 1 4 2 0 nm^;R$i±fe. ^ 
1 0 5 0°ClC±#$-ti:, G a N : Mg(Z)p^n>^^ hM 1 5 

f-sxT^^y ^li, mwum^ I 0 5 o°c(D imicD^num) ku^-d-d. tk^ 

[0 0 2 7] 

hMl 5 $:J^^Ufe^tc. if :7T>rTS«l Oc^MMtt, >&vn# 
H^ffiX' 1050°C:^)^^40 0°Cj;j^T*T'I^T$i±^tlS= 7KI^;^/X$:'^^^V^ 

0 0°C^C|^T■t'&tr'CDra©#ffl^;^)^7K^;^/^$:^^^V^J:^^ct- 

tili J: v^. 

[0 0 2 8] 

l^^lli^*^fiK;gLfe^a:7N$: 2^mL, -^7 x AlC n M 3 > ^ ^ VM 1 2 

A'^Smi-'5>^TX'y5^:/^S:^f V^, n§5[3:/^i^ hJi 1 2(D^MJC, A u /M o 
(OnM«® 1 6 p M=i > 3? h M 1 5 (^^®}C, Au/Ni©pil!« 

ai 7 ilfC J: U, LED^^l *M^^^tl7^:= ZIZIT', TAu/M 

o 

[0 0 2 9] 
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2 0 mA®^f4^TT' 1 0 0 0 ^r^M«^m^^f o fe^l^, 1 0 0 0 ^r^ii«^m 
[0 0 3 0] 

m^n, GaN:Si m^tm^rmm i)^^m^^^nr^ nMny '$( ^ hM 1 2 c 

nmm) nM3>^^ hMl 2(Z)±lC«M$tl^#»»dF-^fF?SMl 3 
, #Ji4^#F?SMl 3(D±lC^|§IS;&lhMl 4 $:^LTajff$tl, G a N 

[0 0 3 1 ] 

SIMS (Secondary Ion Mass Spectrometr 

y)i!i^^cj:y, LEDm^KDMg mm tTi^mmmiKDwrn^n-of^. 

r®S IMSM^tt, 2:9•#JL/^':7x/^(Z)ft&:)^$:fflV^T^f J^t»tlfe = 
[0 0 3 2] 

m2lt. S IMSM^fCj: yMS$tl7i^^^5tcf(7)Mg^^;gi:7fC^aiii:$: 
o pM3>^t^' hMl 5(Z)Mg^gMtt7 X 1 O^^a t o m s / c m^T'fe U 
, 7K^^§-Stt2 X 1 O^^a t o m s /c m^-e^-S, * n > ^ h M 1 

2 (Z)7!K^^iM{i 1 X 1 0^'^a t o m s X c m^(D^m^^&.rx$>^ ^ tmm 

htc. ^fe, ;R#^(7)L E D^^§:^ii-t-S7l«?){C{i, p §9=1 > ^ ^ h ® 1 5 
a^m^M^t IXlO^^atoms/c ni^JSA± iXlO^^atoms/c m^J^^T 
T'feS3^j5)Wt bVN„ tfe, p§!{=I>^^ hM 1 5(DMg?iMli, 4X10^^ 
atom s / c m%±l xlO^^atom s / c m^^^Tl?fe'5 - b l> 

o pM3>^^ hjfi 5cti®Mga,S:^^]^<;&Si:, p§5=i>^ i 5 cfi® 

[0 0 3 3] 
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7. 6 X 1 0"^T o r r J:JA±) 1 %i^T ( 7 . 6 T o r r JS^^T) T'^tllf, pM 
n^^^' hjff 1 5®;!K^^iSli4 X 1 O^^a t o m s / c m^^^^TT-fe-S ^ i:;?)'^ 

i^m. -t^Jy. CO, COg, NO J3J;tJ^N02®^ili®6^^^< 1 oS:0M■r 
[0 0 3 4] 

I Hq 35G aQ ggN : S i<D^m (^^2 0 nm) {C b L E D^^?:f^i^ L ^ 
?g;gtt7 X 1 O^^a t o m s / c m^Xii^MWiM\t2 XI 0^^ atoms/cm^ 

T'^u, 0 2ic^$ti'£> s iMS-^^n^T-r;!/^:!^!^® s I MS y'T^r;!/*^ 

^i^tlfeo 3(Z)L ED^>y(Z))!fS$:M^bfeMm, 2 0 m A T'^3teM 

;S4 7 0 nm, )!f M 1 , 5 c d T% l&f^«jEli3. SVT'^ofeo 
[0 0 3 5] 

iticM2i:LT, #M»^^f 1 3(Z)^K:R|g|Si^TliLED^^l 

aQ gN : Mg®^|§R§lLM 1 4 & 2 0 nm, p Ma > ^ ^ hjg 1 5 0 . 3 /i 

- )\^tjihX\t^m.ny ^ Vm 1 5;6^ffi®in:T'fe-5:/ci?), ^^^H^tf^s 0 0 °C 
T'2 0^^r^|^T--;i/S:^f e>r hlC^ U pM3>^^ hMl 5 feig^^-ftLfeo 
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[0 0 3 6] 

liVXlO^^atoms/c m^V. yKM^&it exiO^^atoms/c m^T 
2 OmAT'|§3t?'S;R4 7 0 nm. 2 . 6 c d T% S&f^«j±li3. VVT'^o 

[0 0 3 7] 

I Hq 35G aQ ggN ; S i ®#M (MJP 2 0 n m) KLt^m^^i^mV. it^M 
n-ofcm^. pM3>^^ hMl 5®Mg^iMli7 X 10^^ atoms/cm^ 

X'Ti^mmmte x i o^^a t oms y cm^x-itrnms bimux'&^t^. ttmm 
3(DhED^y^(Dmm^m^vr^m^. mmnmz o mAx^^m^4: 7 o n 

m, iii^l. 2cd-e, mi^n&itS. 7VT'^o;to 
[0 0 3 8] 

m 3 li, lllfeM 1 (Z) L E D^d^- 1 J: t>*i:b^M 1 ~ 3 (Z) L E D^^CDji«MJ^ 
(x-i;>^) ^^Sr^f. 1 0 0 0^r^ji«^(Di:bi«M2(DLED|^^®5^M 

0 o^ra3i«^(Z))ifMcD^£T*^*ie>ti-5>o rtiicji^LT, mmmi(7)LEDm'?' 

I I 0 0 ommMm^<Dmm(Di&rti'^n.t^ti-t, ^m^o)LE D^^^'^nig 

StiTVN^c |l:^Mi iiiticM 1 i:$:i:bi€-r'S^, p^ii>^ ^ i 5 tfj(Z)7K 

[0 0 3 9] 

04 (a) , (b) , (c) ^j:t>* (d) it^n^n, ^mmm(DLEDm^ 

1, irbfcMi. i:bM2feJ;t>*i:b»J3<Z)LEDm^(Z)x->:;>^*Btf®?SttMM 
m(DSlMS:fuyT4JV^m-to 124 (e) , (f) , (g) ^J;tK (h) 
^tl^tl, :$:^MM©L ED^d^l, J:b«eM 1 , JrbiiM 2 ^ J: mbiiM 3 ® L E 

D^^cD 1 0 0 omm:ii-vy^^(Dm^mmm(Ds lusz/uyr^ji^^-r 
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= 04 (a) . (c) , (e) ^J:t>* (g) iZm^n^ 1 nmm(Dih(Dm^lt, 

#^«5^^S'l^S'^'(^)l^MS^cmLTv^§, 04 (c) fe<fct>* (g) 10 

0 o^rax-i;>^^, J:b«fM2®LEDm^(D#M4^^?f^F«jt?S'KjS4'®# 
PMCDI nt,mmm^t&Wi:hX\f^^Z.ili)'^^ti'^. (a) feJ;Z>* Ce) ^-^^ 

L/ T V^ ^ V^ r i: ^t^^-*^ 'g) <. 
[0 0 4 0] 

BISli, pMn^^^NMlS tfJ®:?Km^^Slc^t- 1 0 0 0 mmmn^(D L 
ED^^^®ffi^5lfM§:^t-o 3i«OTcD)^;K$: 1 0 0 i:bT5^t-= 

rtl^CO^^ii, nM«Ml 6 SrAu/MoJCj; UJ^fi^b, p§5[«@17S:Au 
/P d ^;tliA u/N i J: U?^^L;to 0 5 IC^^ ti-S J: e) JC, p 1 7 

XlO^^atom s / c m^je^TT'fetllf 1 0 0 0 ^^X- ^^^jC=fe;^^® 
)!?Mtt^£Tb^V^„ ^7t, pM«^il 7 S:Au/N i {C J: UJ^^LTt^-^tCli, 
p§5[=l>^^ hMl 5 t|i(Z)7K^^gS*^4 XI O^^a t oms/cm^J^i^TT'^tL 

1^1 0 0 ommmmmz^m'f-(DMmit^Th^^^\ 

[0 0 4 1] 

zicDJ;e>fc, pMMi 7lc(iAu/Pd$:ffiv%^^i::<)W^bVN„ rtili, 
P d:«)^7K^|fll^MT'^U, pMn^^^ hMl 5cfJc?)7Km (^^^tK^) *^pM 
«^i 7{cPS«$ti> r©?^M7K^:«)'!#M»^?f:^«it?S'ffMi sicfifeijci-^r 
^y^J^^if ?)tl-g>*^e)T'^-5c J^ife, :?KS^Sf)ic^M^ bTli, M;i{i> Pd, Sc 
, Y, La, Ce, Pr, Nd, S m, Eu, Tb, Ti, Zr, Hf, V, N 
b^j:t>*T a^75)'J^p5tlTVNS. P 1 7 l^^M ^r-g-t^^-^tC, 

yKmf&m^m^^timmm^mhm^o ^^v^«, pM«Mi7id:, 

If M^M $:-^t^^Mr^fb-^%T^ o T ^ J; v^„ 
[0 0 4 2] 
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ic, &.riz^^ti^^mizj:i) LEum^^i^mLr:^. Rmm\H(D:^::^^lzi3n 

^mm^i±if^ 1 0 T o r r mmmmi. s%) <D^i^rx% ^^yr^r (oo 

0 1 ffi) m^l 0±JC, A 1 NO)Ayyrm l l feJ;t>*G a N : S i (Z)nSii> 
1 2 ^^Ur:?!/:^feJ:t>*^#^M®A>^U>^':^ 
:^$:M^tC^ymx., R}^')pmO)iS7.lZi3H^m'Smm'»m^ 0 . 7To r r ( 
3^W^m^g>g0. 1%) ilLX^y.^0Jim^no^tlZ^i) LEDm^^^^L 
t=.^ rcDL E D^^® S I MS?II^$:||MLfei:Zl6, p M=r > ^ ^ N M 1 5 
Mg^i^ti? X 1 O^^a t oms/cm^T'fe»J, 2 X 1 O^^a t o 

ms/cm^-efeU, n§i!zi>^^ hMl 2<D7Kiliiltli3 XI 0^*^ atoms 

1 0 nm. m^2. 7 c d, l&f^mffili4. IVT'^o^^io 1 0 0 0^ 
^:iL~Vyir^(Dmmt. Iig»r«?^2 0 mAT'5§«;S4 7 0 nm, i!^^ 2 . 4 
cd, Wii^nm^tA:. 5VT'feo7^o z:®J:e)lC, 1 0 0 o^rax-^:/>^*^{c 

[0 0 4 3] 

^r^'ffcSitfeilZl^, nMn^^^' hMl 2 (^);!K^i^;g*^ 1 XIO^*^ atoms 
/ c m^JiA±<Z)«-^, X-t;>^(7)^^il[^*^e)i&#«i±*^±#b, 1 0 0 0^ 

X - > \z \t.m^ <r> i&ft «i± ® ±# MM (D^y his^^^ntc ^^x. 

^li^AU X 1 0^'^a t oms/cm^J2^TTfe-5:ii:*W*bVN„ 
[0 0 4 4] 

tfe, HI (C^^tl-S J:e){C, LED^^1®pM=3>^^ hMl 5li, #Ji 
1 3 ®±{C^^|SSihjS 1 4 $::^UT«jS$*xTVN^. ^5§P:SihS 
lA\t. A 1 5:-^^•ev^-5o 3® A 1 ®|^MtC J: U , p > ^ ^ h M 1 5 cfi® 
3^^7K^*^#jf *^?fFv1&ttjS 1 3Ci!£^b, #jS»^ #^?S'ffijg 1 3;?)^^Mbi- 



tflliE#2 001-3015635 



#2001—028914 



m±mi4 (Al^^tlM) commit. 5nmPA±:&^Ztt)m^L\^^. 
[0 0 4 5] 

T'=feJJ;V^, ^PMCDmmt, -miZ, la^^I nj^Oa^.^^.y^AlyN (O^x 

. o^y, x + y<i) vmt>^n^o mMM(Dm^^G aNizm^n-f. -m. 

fC. Mj^I rigG a ^_g_^.)A 1 (O^s. O^t, s + t<l) T'^t)^ 
[0 0 4 6] 

^^3, mmt-tf-yr^r (0 0 0 1) cffi{c|5S^%,(Z)-??tt^<, a®, umv- 

^'T-r T*^$:MV^T=b cfcVNo ^SJCSiC, S i ^ ;tliZ n O V^T 

=fe;cklNo '^^m-^:&m^s MOC VD^^C|5S^$tlJ&V^, M B E ^5S(C j: U 

[0 0 4 7] 

Z(DJ:oiz. :^^miz^nit. U^^n:^mizi^^'r^:ititjt<. LED^^ 

[0 0 4 8] 

:^^m(Dmmm2 HLX. G aNm^±0^^^^4^~]^ (LED) (DM^B 
[0 0 4 9] 

MBit. ^mmo^MMMzcDLEDm^e 0 1 (Drn'^mv^^o LED^^^G 

[0 0 5 0] 

if-yr-^r (0 0 0 im) mw.±iz/\^ K^-r KVPE^-es 0 0 ^mm(DG 

a N : S i mBiZ^ ^} T ^ rmm^^^ir ^ ^}L\Z 

ctyOaN (0001 M) a«4 O75)^^#^tlfeo GaNS«4 0±{C^i±MOC 
VD^$:MVNTa=K?aM 1 100°Cl?GaN: Si (Z)nS!!=i>^^ hM4 1 1 
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[0 0 5 1] 

^itSy^^^mi:^-m<')m^. I g^OaQg^N : S (MJP 2 n m) S 

JitJfGaN: S i (j^J?4nin) ® 4 M»I<Z)#M*^ 4 

2 1 0 0 O-C-eA 1 Q aQ gN : Mg(DMBW±M4. 3 2 0 n 
m^:g$-B:^. ^<D^. 1 0 5 0 °C tC±#$1i:, GaNiMgWpS? 
zi^^^'hil 445:0. 3 /im^^a^it^o m^mM^^W:. ^•vyT:^X«^ 

, 1 0°C/ni i nlzm^Lt^a 
[0 0 5 2] 

GaN (GaN: Si) ^=^4 0 <Z)^M{C, T i /A 1 ® nM«^4 5 ^j^m 
pMn^'^^' hM4 4 (D^MtC, Au/P pM«^4 6 
[0 0 5 3] 

J:e){CfN^^tlfeLED^^6 0 1 {i, mW}nm2 0mA-r|§^M:S4 7 
Onm, )^;g3. 3cd"e^^Ujto CI ® h ^(7)g&fN«JEli 3 . IV^feo^o 
[0 0 5 4] 

^M, mWjn^2 OmAT'LED^^e 0 1 CD 1 0 0 0 ^r^jl«^m$:^?o ^ 

o 

[0 0 5 5] 

hM4 4®Mga;gl*9 X 1 O^^a t o m s / c m^-efe U , 

3 X 1 O^^a t oms/cm^-efeofeo nM=l>^5f^ hji4 1 (D7K^?i;Sl± 1 

X 1 0^'^a t oms X cm^<Dm^mm:^pj>rx'^^:itt)mmi^t^o pM=I>^ 

^ hJi4 4®Mg^iS>6^9 X 1 O^^a t o m s / c m^(D«-^, ^^^;R^(Z)a 
^MI^T3i^;^)^2 5°C/mi nJe^TT'fetll^ pMM4 4 4 X 1 0 

^^a t oms y cm^&,TV$)^Z.t.i3'^nmLt=.o Zl (D S I M S nM« 
^4 5 feJ:rJJp§!!«M4 6 $:J^^t-'2>Brf(^)'i7ai/N$:fflV^T^f-o^o 
[0 0 5 6] 
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^mm^m^^tcLi^, ?S'isjS4 2 \p<D^^:^m(D 1 m(Dmm^ 1 ~ 5 0 nm^T-^ 

[0 0 5 7] 

qN :Mg(Dm^W±M4: S^^^-^-^, pM=I>^ hjg4 4 S: 0. 3 

?S'f4M4 2cfi(^#:RM® lJf(^mJ»S: 1-50 nm^T'^fb^itTf^^bfeo 
[0 0 5 8] 

milt. ?S'i4M4 2Pfi®^FM(DiM®Mjsic*ft- s 1 0 0 ommMmWi(Dm 
"^(D^Mmm^B-t. mMmmit, mm^m(Dmm^ i o o tLr^m^x^-r. 
MTiz^^ti^^^iz. hmmi(Dm^it. M'[4®4 2tft(Z)^f:R®® i®(Z)mj? 

2 E D^^6 0 1 li. In, tK^^ J: t>*M g ®^J£tS:^±^ail^i^M ^4x^*^o 
feo ||JgM2 J3J:afi:bgiMlOm^i:=fe;{C, ?S'l4Jg 4 2 cti®#:RM(D 1 M 

c^mff^U 5 n mJK±(Z)^^(Cld: 1 0 0 0 ^raji«^®5^M®<£T:«)'^^^ti<5o 
r(Z)MHli, ?S'f4M4 2tti(Z)#:RMO iM®M**^it*Pt-Si:, ?S'f^jS(^ I n G 
a N (Z) ^&^M?0 *^?|B - U , r 4X J: U ® M ^'ffi *^^Mb "T -5 it i?) T' & S o 

[0 0 5 9] 

(LD) ©M&^t-a 
[ 0 0 6, 0 ] 

mS>\t. ;2fC|g0^®|^SgM3 (Z)L D^^8 0 1 ©e^SSlT'^So LD^^8 0 1 
[0 0 6 1] 
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-9-7r-rr (000 1®) mWL2 0±tC7 STo r r (DmRMOCVDmiZ^ 

i)G aNA^yrMz 1 ^m^um^ 5 o°c'em^-^'\±. &^M.mi i o orr- 

GaN: Si(Z)nM=l>^f^hM22§:4 it m^;g$ii:^„ ^^MH 8 

0 0°CT' I 05G aQ ggN : S i ® ^ ^ ^ l^itjg 2 3 & 5 0 nnifig;S$i±, 
mWil&m^nx:^ I l O OXD^iLTA 1q .^OaQ gN : S i(Dnm^^V KJg2 4 
5:0. 5 /imfife:^^-^:, G a N : S i 0 nS?:?!/^ KM 2 5 0 . l/Am^:S$-a: 

[0 0 6 2] 

i:^m\H(Di:S7.mz.m'^^mM (O2) i^Btt'^O. 2Torr (Og^t^O. 3%) 
<Z)^f4^TT% 7 6 0°CtCLT I o.05^ ^ 0.95^ = ^ ^ (DM^^ n m 

^(Z)^, I no,i5G aQ ggN : S i (D^^M (MM 2 n m) / I n^^ 
OsGaQ ggN : S i 0|^MM (MJ*4 n m) 0 5 M»iO#M»^#Fll^?S'f£M 
2 6 nUm-^A 1 0,1^ ^0.9^ • M g <D^|§R35ihM 2 7 1 0 n m 

[0 0 6 3] 

1 1 0 0°CT'GaN : Mg(DpM^-r KM 2 8 5:0. 1 fim^&^^it^ AIq.I 
G aQ gN : Mg^pM^^^^y KM2 9 5: 0. 5 /i mfig;g$-&, GaN:Mg(D 
pMn^^^' bM3 0 5:0. 3 a mfigS$i±fe„ 3<DJ:e)lC, pMM (pM;^>f 
KM 2 8, pM^^^y KM2 9 ^J:tJfp§l{3>^^ KM3 0) 

•fit, mmum^l 10 0X:(D (Hl^fi^^^M^) JC>K-^oo, 7K^:irxS:-^^ 

[0 0 6 4] 

z.<Di:o\z^ pMM (p§l!;b* KM 2 8, p ^ KM 2 9 is J;t>* p > ^ 
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^hM3o) ^m^Lr=.mz. ■^yT^rmm2 0(Dumit, yi^m:^^-^^^^^^ 

J; v^„ 

[0 0 6 5] 

*^Mffi1--S*T'2 0 0 /imm(D7. h ^^/^{Cni^y^^^^rfTVA, pMn>^^^ 
hM 3 0 ®^®lCliA u/P d (DpMMMS 2^2/1 mijig©:;^ h ^^tC?^^ 
nm^y^^ hM2 2®^®ICT i / A 1 (Z)n§5!«M3 1 ?:?^fi&b^c 
[0 0 6 6] 

L D^^^8 0 1 It. ^M"eCW|§ig (continuous wave op 
e r a t i o n : mm^m) Lfeo 3 VN-fitm^li 2 5 mAT'fe L 

[0 0 6 7] 

EI8{C^$ti^ J:e)lC, 7f5:^B^«)LD^^8 0 1 (^#<2is^3^^^-) It. "9-7 
r-rr»=K2 0 (S^K) il, i^>'T-rr»«2 0(D±lCA>y 7TjS2 1 $:^LT 
M^l:^4^#^;?)^e3?^fi^$tifcn§5[M (nM=i>^ ^ hjl 2 2, nM^ 
KM2 4^j:t>*nM7!f-r KM2 5) ^i, nMM(DJi{caMSnfc#M»^^^f 
F?S'ffiM2 6i:, #M*^^^f F^SSM 2 6 (D±Jcm5§RJ5ihM 2 7$:^bT^M$ 
ti, ^^b%^#f!fs*^^0^tg$ti7tpMM (pM;^'f KM2 8, pM<^ ^ KM 2 
9 ^<fct>*P§i!3>^ ^7 hJi3 0) i: $:^i;iT^^■g>„ 
[0 0 6 8] 

^J3, 0 8 tC^$tl-5 L D^^8 0 1 (i, ^^^y ^'|SSihjS 2 3 $:-g•^T'V^^:^)"? 

^ ^ ^y JtM ^ S V ^ L D ^jt $ ti ^ o 
[0 0 6 9] 

s iMSM^icj: Lum^s 0 1 ©TK^iiMtM g?i;gh(Z)flZM&=ff o ;t 
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[0 0 7 0] 

pmm(D7i<.mmmit. pM:<jvkm2 8, pm^'^^v km2 9, pm=i>^^ 

hM3 0 ht;3 X l.O^^a t oms/cm^TfeU, Mgmmit. p KM 
2 8. pM^^^y KM 2 9 fci;t>*P§S[n>^ ^7 h®30i:tj9X10^^atom 
s / c m "Xffeo 

[0 0 7 1] 

\-f^^m. :t'Jy. CO, COg, N0fcJ:t)«N02®^iMc?)^i'^^< 1 

o^rM^-r-Sr ^lc<koT*> pMM (pM^-r 2 8, pM^^^yKM29 
feiD^pMn^^^ hM3 0) ®7K^aMS:0J^i-Srii*'JT'^So ^HJfeMT- 

(cfet-t-5^^(Z)?i>^;&'^0. 0 0 0 0 1 %g;_hl %aTT'fetLli, pmm<D7Kmm 

mit4 X 1 O^^a t om s/c m^T'fe-5:ii:7b^¥P^Lfe„ 
[0 0 7 2] 

itMcmicDLDm^^^^^Lt:!. tmrnKDhDm^it. pmm (pMi^-tf 

M2 8, p§!!^^'y KM2 9 ^J:t>*pM=i>^^ hM3 0) 

U r:jJ/Xi: LT7K^S:MV\ p§tfMOfiS;:g^> ?SM8 0 0°C, ^^^^10 0% 

fCfeJ-tS b^V^'fa«^(^^i3 0 mAT'^y, L ^ V^'fiimJEEtt 5 . 7VT'feo^, ^ 
T--;i/i&fCj:bWJl(7)LD^d^®pMiS(^7K^aS5:S IMSMS(CJ:U 
WM-t^t, 2 X 1 O^^a t o m s /c iii^"T?^o^o 
[0 0 7 3] 

i:bicM2®LD^^=fe^'^figUfco i:bgeM2©LD|gd^«, 3 (Z) L 

D^^-8 0 1 i:|sl^T'fe^:^^, pMS (P§i!;^^ K® 2 8, p§5[^^^yKM2 9 
^ckD^pMn^^ ^ hM3 0) <D7i^mMmit8X l 0 a t o m s / c m^JLJAT 
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o Z:cDJ:e){C, Jt««M2® LD^^li, |IMM3(^LD^^^8 0 1 J3J:t)fiti«M 
[0 0 7 4] 

t:^, ?S'ffiM2 6 $: I Hq ^^gG Eq g^N : S i ( 2 n m) ©MCb^LD^ 
[0 0 7 5] 

Hi^MS, iticMl fei:t>*iti«M2(Z)LDmd^®iieMI^§:^To^. 
[0 0 7 6] 

^V^>fitS^5^(Z)ft;!JPtt, LD^^(Z)^Mb$:Sl*-r-5= IISfeM 3 (Z) L D^d^ 8 0 1 

, 8 0 0 o^r^(DM«#%cwieigt-^^ii;^)'^flS^$txfeo Iif9tc^$ti 

-5>J:e)tC. p§i[jg®;*c^?i^55)^2 X 1 O^^a t o m s / c ni^T'^-5i:bWJ 1 

L D^^^ii 1 0 ^ra©a«it{c^^ A^^Mb P s x i o a 

t oras/cni^J£^TT'fe-g>i:bi£M2®LD^^lil 5 0 ^r^^jlft^C^^*^ 
^itVtcLo 3(^>J;e>tC, *|§^®||J6M3®LD^^8 0 1 li, :S*^CDLD^ 

[0 0 7 7] 

mi 0«, pM=I>^^ hM3 0®7Ka^i;SlC^1-S LD^d^8 0 1C0##$: 
a^t-o pM«M3 2CD#M^ LTAu/P d, A u / P t ^ i tJf A u /N i 3 

|g^lO{CfeV^T, 8 0 0 0^^^ii«^^C^Mb;^>^^BroTV^;^V^LDm^ C^t£t> 
t), 8 0 0 0^r^JiA±(D#^$:^-r'5LD^^) li, 8 0 0 0 ^r^©#^ $:^f 
^ LD^^i: L/T5^$^lTV^S„ rnii, 01 Olc^^ti'SM^T'-^ Sr^Wb 

r^m.^.x% Mnu.^t>mt^hx-fy^h 8 o o o^r^b*^MigbTv^;&v^*^e>T'&§ 
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, 5 0 0 omm&.±(Dm-^^m't^hDm^i}^BiSht.M,^ji^n^. mi oizit. 
5 0 0 0 mr^(Dm^^WiM i o o i x-^-to 

[0 0 7 8] 

0 (DyKMll^^-fy'^ IXlO^^atoms/c 1X10^^ atoms/cm^ 

lO^^atoms/c m^J£^± 6X10^^atoms/c m^J^T'C&tlli, 5 0 

P t SrffiVx^^-^, pM=1>^^ hjf 3 0(Z)7K^?iS*^4 XIO^^ atoms/ 
cni^Jt^A±5 X 1 O^^a t o m s / c m%TT'^tlli, 5 0 0 0 ^r^jeA±(Z) L D 

m^<Dm^t)mm^n^o eii o ?:#MLT±«eLfe^l«f^ii^^cMv^e>4^ 
^LD^^(Z) p§5[^^>y KM 2 9 (D7Kmmm<Dmmit, pMn>^^ hM3 o® 

7K^^i>K<Z)^H hl^Iir^SXl O^^at oms/c 3X10^^ atoms 

[0 0 7 9] 

01 0/&^e>:$>;^)^-5i:e)lc, L DS|^$:||ii-t e fe«?){cii, p§5[jgcD;!K 

^iiMti iXlO^^atoms/c m^Ji^± iXlO^^atoms/c m^^T'C 
feSri:*W^LV^o ^fe> pMS^Mga^gtt, 4 X 1 O^^a t oms/cm 
%±1 X 1 O^^a t oms/cm%TT'fe-5ri:*^^f* H^^o pMMff^Mg 

[0 0 8 0] 

pMMJc-^^tL-g) 3o(7)M (pM;^>r KM2 8. p ^ KM 2 9 ^ 
J:t>*P§5=I>^ KM3 0) (D-?-tl^tlT'7K^®^iS*^-'^LTV^S - iili^^:.^ 
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[0 0 8 1 ] 

tt:L. 01 0*^P^^;^)^5ie)^C, p 3 2 IC A u / P d V^ -5 Zl i: 

y!^mf!Tm±m^^timmm^mi^m^. ^§v^^j:, pM«^i3 2ij:, ^^c^^i^^ 

[0 0 8 2] 

iir6. Ell 0{c^$ti'5>M^^|Hl#®M#*'^#^n:to p§5«<i3 2(©;ft)N-^ 
LTAu/P d $:ffiVAfe:©^, pS?^'^^:/ KM 2 9 co^^c^^i^jbU x 1 0 a t 
o m s / c m^je^_h iXlO^^atoms/c m^aTX'&Hl.t. 5 0 0 0 ^mS^A 

r:im^. P ^ KM 2 9 (DTi^mmmt)^ SXlO^^atoms/c xa^i;A± 6 
XlO^^atom s / c m^l^TT^fetlli, 5 0 0 0 ^r^Jgi^Ji® L D^^^(Z)#^ 

KM 2 9 (D7f<.mM]^ti^ 4X10^^atoms/c m^^J: 5X10^® atoms 

y cmh^rx:&n^t. 500 o^ra^^^_h®LD^^cD#^*^M^$tiSo 

[0 0 8 3] 

nMM (nMn^^^ hM2 2, n^^ ^ KM 2 4 J;t>*n§5!;if-r KM 2 5 

) ©TK^iist; L 8 0 1 (Dm^izmm-t^. nmmcoTi^mmm-/^ i x i o 

a t o m s / c in^j;^TT'fe -5 r h * L V^„ 
[0 0 8 4] 

^fe, llI8{C^$tl-5 J:e)lC, LD^^8 0 1 (^)pSi[Mli, #M*d^#:RVl&'[4 
M2 6®±{C^|§R;5jtM2 7 $::f^bT«M$^^TV^e, ^|§RSlhM 2 7 li, Al 
$:-^^T'V^-g>o r®A 1 (Df^Mlcj: p MMtf^©3^^:?K^*^#M*d^^:^?S'ffi 
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[0 0 8 5] 

T'=bJ:V>o n^M<Dm^lt. -miZ. ffifiX^I n^G a ^_^_y)A 1 yN (O^x 
, O^y, x + y<l) X^mtD^tl^o ItMM^JfMtj I Hq QgG ag ggNfCPS 
^tir, -ISfC, M^^I HgG a ^_g_^)A 1 (O^s, O^t, s + t< 

1) vmt>^n^. 

[0 0 8 6] 

mmm3(DLDm^S 0 IX'lt. ^^^v KM (nM^ v^y K»2 4 fej;t>*p§? 
KM2 9) {CA 1q .^G aQ gNS:ffiV^-CV^5:^\ A 1 ©ii^Jrfcti 0 . 1 {C 
|5Se)tl?^VN„ ^fc, ^9^yKJ»i:bT> A 1 G a I n N®^i^7b'JMV^ e>tlTt.,J: 
<, AlGaN/GaN. AlGaN/AlGaN, AlGalnN/AlGa 
InN. A 1 G a I nN/G a N^®M^&^ll^^*^MV^^tlT%J:V^„ Z.(DJ:z> 
(C, pM^^^y Kji2 9 ;()«A 1 $:-g-ti^r iiicj: ^l§l5&itM 2 7 :«)^ A 1 
^-a-^lsl^fc, pMn^^^hMs 0 (Z)3^M7K^*'5#M*^^?f F^^tvSffiii 2 6 
{cjjfitif-tsr ii&ISSihT^^So ^fe, nM^9«y KS2 4 :6'?A 1 Sr-^tf^iifci: 
U, n§![il>^^NM2 2 ® J^MTK^^t^M*^^:^^^!?^^® 2 6Cra-rS 

[0 0 8 7] 

ailtt, pMMc^Mga^gtcMt-'S LD^^8 0 1 ®^^$:^-to P 
3 2(D#f:fi:LTAu/P d $:Mv^;to p MM®M g 2 X 1 O^^a t om 

s / c m%± 2X10^^atonis/c m^J^^T(©^-^lC, p mmO)7i^mMm.\t 
1 X 1 O^^a t oms/cm^^±3 X 1 O^^a t o m s / c m^J^J^T ^ ^-5= 0 
1 l^^<b^:fy^^^-Z>iZ, vmm<DMgmmt>^4 X l O^^a t o m s / c m^J5^± 
1 X 1 O^^a t o m s /c m^J^i^TT'fetlli, 5 0 0 0 ^r4J^±(Z) L D^^©# 

[0 0 8 8] 
(^»J4) 
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[0 0 8 9] 
[0 0 9 0] 

■9-:7r'fT (000 1®) mW.±lZ./\4 K^-Y KVPE^T^S 0 0 fimm(DG 
aN : S im^^^L> WlglC J: U -tl-^ T TS^ 5: L G a N (0 0 0 1 
®) O-fym'^nr^o 0±lC, »^M1 l O O'CT-G aN : S i CD 

n33=l>^^ hM5 1 5:0. 8^m^;S$-fr, A 1 q jG a q gN : S i ® nM^ 
9^yK®52S:0. 5/£m^;^$-&, G a N : S i ® nM^b'-T K» 5 3 0 . 1 

[0 0 9 1 ] 

^Um^ 7 5 O'CfCbT I no^sG a^ggN : S i (JSi? 2 n m) / I 

Hq QgGaQ ggN: S i (DmMM (®ff4nm) ® 3 Mil®#Ji*^#:^^5tvg 
4 l^iSMT'A 1 0.1^ ^0.9^ ' M g (Z)^|§R§jh® 5 5 5: 1 0 

n m^:S$ityco 

[0 0 9 2] 

^1 0 5 O'CTG aN : MgOpM^-^' KJi5 6 5: 0. l^m^;S$-ti:, ^ ^ 0. 
^G aQ gN : Mg<Z)p§![^^^y KJS5 7 5:0. 5 m^;R$ -tir, G a N : M g CO 
pM=1>^ hjf 5 8 & 0. 3 mfig;R$-l±fc„ Z(D^(D^m'^P^(D:^ ^.tpiZiS 

»^mmmmit o. o s % ^ l fc„ 

[0 0 9 3] 

m^m^^ti^^-^htL^ 3L^\IZ2 O O Amipg®^ h v-r^^l^fCnMn^^ 

u/P dTb^^j^e pMm^ie 0 5: 5 mipi©:^ h"^^ ^m^m^V. nMG a N 
: S i S«5 0 ®«®lCld:T i /A 1 nMft^e 1 
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[0 0 9 4] 

j:e){CLTS^'f^$tlfeLD^^l 2 0 1 li, ^MT'CW^^bfeo Z.(Dn 
LD^^^l 2 0 1 |g»«?5^3 5mAT'M«^i^S:^To;tM^, M«r^$& 

^10 0 ommmMLx^h^\^m.mmif^ ^xjL^\<^m.nmzmi\:\t^^iii-t . 

[0 0 9 5] 
[0 0 9 6] 

^^m{^nytm^(Dpmm(DyKm7xim<Dmmit, ixio^^a 

t o m s / c m^J^^J: 1 X 1 0 ^^a t o m s / c m^J^TtC^ tl-So ZltltC^fc V. 

o 

[01] 

[0 2] 

[ma] 

mmm i o l e d ns^ xj^itmm i ~ 3 ® l e d m^oymmnmm^ ^ ^ 

[04] 

(a) - (d) tt^tl^tl, :^mmmO)LEDm'?'li5J:XJ^itmmi-S(Dh 
E D^^cox- ytu®?SttJSMia® SIMS •:fuyr^)V^B-tmx$3 
(e) ~ (h) li^tl^tl, *IIS6M®LED^^1 ^J:t>*J:bfeMl~3®LE 
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pM=i>^^hjii5 fp(D7!<.mmmzM-t^ i o o o ^r^®«^® l e d^^^ 

me] 

mi] 
ms] 

[09] 

cmio] 

[011] 
mi 2] 

10,20 -9-7T-rT»=K 

4 0,5 0 G a 

11, 2 1 A^y 7Tji 

12, 22, 4 1, 51 nm^y^^hM 
1 3, 2 6, 4 2, 5 4 

14, 27, 43, 55 ^|§RSlhM 

1 5, 3 0, 4 4, 5 8 pMn^^^hM 

2 5 miiE# 2001-3015635 
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16.31.45.61 n 

17, 32. 46.60 p mnm 

2 4. 5 2 nm^^^y KM 

2 5. 5 3 nmi]'-( FS 

2 8. 5 6 pM;^-r KM 

2 9. 5 7 pM^' KM 

2 3 ^=yv^ R&lhM 
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[1115] 
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mm] 

[mm] ^m^(D^mi^m^m^^m^.-ts t 
yN (o^x, o^y, K + y<i) f)-^^m^^nr=.mm<Df^:^mt. ^ti-rti 

ngGaQ_g_^)Al^N (O^s, O^t, s + t < 1 ) *^ tlfe^ 
1 X 1 O^^a t o m s / c ni^JS)^± 1 X 1 O^^a t o m s / c m-^J^ATTfe-So 

vmrnm] mi 
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